Objective: To analyze the potential factors related to phthalic acid ester (PAE) exposure in pregnant women using multivariate statistical methods. Methods: The study was conducted from April to June 2013 in Xiamen, China. A total of 1020 pregnant women (gestational age ≤16 weeks) met the criteria for inclusion in the cohort. We selected 100 participants by systematic random sampling. Participant information was collected by questionnaires, and urine samples were collected, detect five PAEs (MEP; MBzP; MBP; MEHP; and MMP) levels in urine samples. Single-factor and multi-factor logistic analysis were used to analyze the association between PAE exposure levels and potential associated factors. Results: After creatinine adjustment, medians of the five PAEs in the 100 urine samples were 54.64 μg/g, 29.25 μg/g, 17.56 μg/g, 3.91 μg/g, and 53.79 μg/g, respectively. Multivariate analysis results indicated that MMP was associated with education level and the use of hair permanents, hair dyes, and hair dryers; ORs were 0.560 and 2.056, respectively. MEP was associated with education level and makeup use during pregnancy; ORs were 0.548 and 1.968, respectively. MBP was associated with education level, the use of makeup, hair permanents, dyes, and dryers; ORs were 0.559, 1.876, and 2.812, respectively. MBZP was associated with level of education; OR was 0.482. Finally, MEHP was associated with education level, drinking water type, and medication use during pregnancy; ORs were 0.560, 1.972, and 2.100, respectively. Conclusion: PAE exposure levels in pregnant women were associated with level of education, type of drinking water, and use of medication, permanent hair waves, hair dyes, hair dryers or makeup during pregnancy.
Introduction
Phthalic acid esters (PAEs), also called phthalates, have been widely used as plasticizers in all types of household goods, pharmaceuticals, and personal care products. Common phthalates include dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate, (DOP), di-2-ethylhexyl phthalate (DEHP), and benzyl butyl phthalate (BBP). Environmental pollution caused by PAEs is a current, global concern. The United States Environmental Protection Administration (US EPA) has defined DEHP, DOP, BBP, DBP, DEP, and DMP as toxic and priority pollutants. China has also identified DEP, DMP, and DOP as priority pollutants to control [1] . Pregnant women and children are more sensitive to PAE exposure than the general population. Population studies show that women of childbearing age are at high risk of PAE exposure. Blount found that more than 75% of the general population had a detectable presence of phthalate monoester metabolites in the body, and metabolite levels in women of childbearing age are higher than those in men and women at other ages [2] . Prenatal PAE exposure not only has an impact on the health of the pregnant woman but it also influences the growth of the fetus and can cause serious consequences. Animal studies have shown that DEHP exposure in pregnant rats resulted in malformations of the male rat reproductive tract, including increased incidence of cryptorchidism and shortened anogenital distance [3] [4] [5] [6] [7] . By analyzing the potential impact factors of phthalate exposure in pregnant women, we aimed to provide data to support the formulation of appropriate corresponding health preventive measures.
Participants and Methods

Study Population
According to our inclusion and exclusion criteria, a cohort of 1020 pregnant women (gestational age ≤ 16 weeks) at Maternal and Child Health Hospital in Xiamen, China were selected as participants in this study, which was conducted from April to June 2013. Participant information, such as basic personal information, lifestyle during pregnancy, and antenatal care information were collected using questionnaires; urine samples were also collected from participants. From the time of delivery, we collected information for a total of 998 pregnant women; however, 22 participants were lost to follow-up. Thus, a final total of 998 pregnant women were enrolled in the study.
Inclusion criteria: (1) resident in Xiamen for more than 1 year, (2) natural pregnancy, (3) single birth, and (4) gestational age ≤ 16 weeks at the time the maternal health card was issued.
Exclusion criteria : (1) history of endocrine or metabolic diseases, liver or kidney disease, blood system diseases, genetic diseases, or occupational contact with toxic substances; (2) spouse has a history of genetic disease; (3) receiving hormone therapy; and (4) use of assisted reproductive technologies, such as in vitro fertilization.
We selected 100 pregnant women by systematic random sampling method using a ratio of 10:1.
Urine Sample Collection and Urine Creatinine Testing
After issuing maternal and child health cards and obtaining the participants' written informed consent, we collected midstream clean-catch urine samples from all participants. Each was sample was collected into two sterile glass beakers. One sample was used for detecting urinary creatinine (Cr); the other sample was stored in a glass bottle at -20 °C, for subsequent PAE ester detection.
Urinary creatinine testing was conducted within 2 hours after collection, using an automated urine chemistry analyzer (AU5400; Olympus, Tokyo, Japan) in the clinical laboratory of Maternal and Child Health Hospital, Xiamen.
We administered survey questionnaires to participants, from delivery through follow-up, to obtain demographic data and information about pregnancy-related lifestyle, for determination of the factors related to internal PAE exposure.
The collected data included: (1) participants' general demographic data, including name, age, body mass index(BMI) before pregnancy, and total annual family income; (2) participants' lifestyle information, including smoking and drinking habits, family home environment, medication during pregnancy, mental stressors, Folic acid supplement, calcium supplement, frequency use of cosmetics, and hair permanents, dyes or dryers; (3) antenatal care, menstrual history, reproductive history, family history, gravidity, and parity.
Detection of PAE Monoester Metabolite Levels
We tested for monoester metabolite levels of five PAEs: monoethyl (MEP), monobenzyl (MBzP), mono-n-butyl (MBP), mono-2-ethylhexyl (MEHP), and monomethyl (MMP).
Monoester metabolite levels of the five PAEs (MMP, MEP, MBP, MBzP and MEHP) were detected by solid phase extraction and high performance liquid chromatography tandem mass spectrometry (SPE-HPLC-ESI-MS/MS).
Data Analysis
We used Epidata 3.0 software to establish a database by double entering the information obtained from the questionnaires.
To determine maternal exposure to the five PAEs tested, we used urinary creatinine-adjusted concentrations of PAE monoesters. This method eliminates the effect of different volumes of collected urine samples on PAE concentration. In addition, PAE levels in urine are variable, but creatinine adjustment can partly reduce this variability, making it easier to compare analysis results. PAE concentrations less than the limit of detection (LOD) were expressed as LOD/2.Because the PAE concentrations showed a skewed distribution, a logarithmic transformation method was applied to change to normal distribution for subsequent statistical analysis.
Then we used SPSS statistical package, Version 17.0 (SPSS Inc., Chicago, IL, USA) for analysis, using univariate and multivariate logistic regression to explore the effects of exposure factors on the total PAE level as well as the level of each monoester. A p-value <0.05 indicated statistical significance.
Results
Demographic and lifestyle information of the study population are given in Tab. 1. None of the 100 participants consumed tobacco or alcohol, or used perfumes or nail polish, during their pregnancy. The detection rates of all five of the PAE monoesters were greater than 80%, with detection of MEHP the highest and detection of MBzP the lowest. Specific values are shown in Tab. 2. After single factor logistic regression analysis, all factors were then entered into a multiple regression model. Total concentration of the five PAE monoester urinary concentrations was selected as the dependent variable, and demographic data and the situation during pregnancy as the independent variables (Tab. 3). The results showed significant differences for maternal age, education level, drinking water type, passive smoking, and for the use of medication, cosmetics, hair permanents, dyes or blow dryers during pregnancy. Thus, these factors were included in the multivariate logistic regression analysis.
Using the questionnaire data and internal exposure levels of the five PAEs, concentrations of MMP, MEP, MBP, MBzP, and MEHP in urine samples were divided into four groups according to quartiles corresponding to P25, P50 and P75, as the dependent variables of multiple factors analysis and subsequent ordinal poly logistic regression analysis (Tab. 4-8). Note: *According to multivariate analysis, education level and use of hair permanents, dyes, and blow dryers during pregnancy were statistically significant for internal MMP exposure, P value<0.05. Abbreviations: OR, odds ratio; CI, confidence interval. 
Discussion
The results of this study showed detection rates of PAE monoesters in urine samples from pregnant women greater than 80%, indicating that PAE contamination has become more common [1] . Among the PAEs tested, the detection rate of MBP was 87%, and the urinary creatinine-adjusted median MBP concentration was 17.56 g/g Cr; these are close to results of the National Health and Nutrition Survey (NHANES) conducted during 1999-2000 [8] . NHANES results showed that for participants aged 20-39 years, P50 and 95% confidence interval (CI) of MBP concentrations were 19.1 (17.5-21.3) g/g Cr; P50 and 95% CI of MEP were 154 (132-184) g/g Cr. In our study, the average MBP exposure level was in the upper limit of the confidence interval while MEP levels were in the lower limit. A Taiwanese study [5] conducted in 2011 reported the detection range of creatinine-adjusted urinary MBzP was (0.08-235) g/g Cr, and the 95% CI of the means was (3.27-5.76) g/g Cr; the urinary concentration of MBzP in that study was close to our results.
This study analyzed 11 suspected factors related to phthalate exposure during pregnancy. Among these, use of hair permanents, dyes, and blow dryers tended to be a risk factor for exposure to MMP, MBP, and MEHP. Higher levels of education tended to be a protection factor for MMP, MBP, MBzP, and MEHP exposure.
An important source of PAE exposure is the daily use of personal care products by women, who tend to use such products more than men because of their work environments and lifestyles. Li Jie found a detection rate of PAEs for perfume of 92.3%, a 47.1% average detection rate for the category of skin care products and 30% for hair care products [9] . Their results indicate that women, and especially young women, are major consumers of phthalate-containing personal care products. Women are therefore in a group at higher risk for exposure to PAEs [10] .
Personal care products (such as cosmetics, perfumes, and nail polish) are also used frequently by pregnant women. Thus, there is greater likelihood of their exposure to products containing phthalates, which are known to be harmful to the health of pregnant women and their fetuses. In 2009, the Centers for Disease Control and Prevention published the Fourth National Report on Human Exposure to Environmental Chemicals [11] , which highlighted DBP, an additive widely used in cosmetics. The frequency of makeup use in women of childbearing age (20-40 years old) is greater than in other age groups, thus increasing the likelihood of contact with DBP. To some extent, this is consistent with our conclusion. One study in China found a high detection rate and concentration of DBP in 115 personal care products (DBP-positive rate 12.2%, DBP concentration 3.4-1383.6 g/g) [12] . The European Union has banned the use of DBP in cosmetics. However, the clause in this legislation that addresses the importance of limiting prenatal exposure level of phthalates should be strengthened.
In our study, we did not find a relationship between the use of cosmetics and phthalate exposure. This could be because the pregnant women surveyed rarely used even basic skin care products, and the frequency of cosmetics use was not addressed in the questionnaire.
The level of education of participants in our study may be a protective factor for exposure to MMP, MBP, MBzP, and MEHP. We found no causal correlations between education level and PAE exposure. There were, however, indirect relationships, which may reflect the fact that people with higher levels of education tend to pay more attention to issues of their health and safety, particularly during pregnancy.
In conclusion, our results indicate that the hygienic standard of using phthalates as an additive in cosmetics and personal care products in China should be clearly defined [12] , particularly for use among pregnant women and women of childbearing age.
